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In this issue ofDevelopmental Cell, Lopez-Pajares et al. (2015) identify regulatory networks that are controlled
by the transcriptional regulators MAF:MAFB. These networks play a crucial and previously unrecognized
role in epidermal differentiation, functioning both to repress progenitor genes and to activate early and
late differentiation genes.Work on epidermal differentiation over the
last 20 years has identified regulatory
roles for a handful of transcription factors.
Yet our understanding of epidermal differ-
entiation remains incomplete. In partic-
ular, we know little about the regulatory
relationship between these transcription
factors and how this relationship changes
during the lengthy differentiation process.
Now, a study in this issue of Develop-
mental Cell by Lopez-Pajares and col-
leagues (2015) has for the first time identi-
fied the basic leucine zipper transcription
factors MAF and MAFB as central regula-
tors of human epidermal differentiation.
Furthermore, the authors integrated
MAFs into the known regulatory land-
scape of epidermal differentiation,
revealing the most complete picture of
the transcriptional networks for epidermal
differentiation to date.
The stem cells of the multilayered
epidermis reside within its basal cell layer
(Figure 1A). Coinciding with an exit from
the cell cycle, stem cell progeny translo-
cate into the suprabasal compartment,
progressively differentiating as they
move to the surface of the skin. Ulti-
mately, these cells die to form the stratum
corneum, which is composed of dead
corneocytes with crosslinked lipid and
protein cell envelopes. The basal cell layer
is marked by the selective expression of
keratin (K) 5 and K14, while the intermedi-
ate spinous layer is marked by the selec-
tive expression of K1 and K10. The gran-
ular layer, the most superficial live layer
of the skin, is marked by the expression
of loricrin, filaggrin, and other terminal
differentiation markers. Products of
the differentiation process, keratins and
other structural proteins, give mechanical
strength to the skin, while cell-adhesion
molecules and lipids create the epidermal
barrier. The above process is initiated inthe embryo during morphogenesis of the
epidermis and continues throughout the
lifetime of the organism as a part of ho-
meostasis, whereby loss of corneocytes
is balanced by stem cell divisions in the
epidermal basal cell layer. In addition,
the process is required for epidermal
repair after injury.
Utilizing genomics approaches in com-
bination with loss- and gain-of-function
experiments in an organotypic model of
human epidermal morphogenesis, the au-
thorsdevelopedconvincingevidence sup-
porting a key role for MAFs in epidermal
differentiation (Figure 1B). Prominently ex-
pressed in the post-mitotic suprabasal
layers, MAFs are activated by p63, the
master regulator of epidermal differentia-
tion, and the pro-differentiation long non-
coding RNA (lncRNA) TINCR. Conversely,
MAFs are inhibited by the progenitor-
maintenance lncRNA ANCR. MAFs have
two main roles in the epidermis: to inhibit
the expression of progenitor-type genes
such as cell-cycle regulators and to acti-
vate differentiation genes. MAFs act
directly on progenitor and differentiation
genes, but they also activate known tran-
scriptional promoters of epidermal differ-
entiation, KLF4, GRHL3, ZNF750, and
PRDM1. It is unknown whether other key
regulators, such as the progenitor-pro-
moting WNT and the differentiation-pro-
moting NOTCH, IRF6, and AP1 pathways,
act independently or link to the MAF tran-
scriptional network (Figure 1B).
The pre-Socratic philosopher Herocli-
tus told us that we cannot step into the
same river twice. In much the same way,
it could be that from a transcriptional
network perspective, a progenitor cell
leaving itsmother cell through asymmetric
cell division in the basal layer is never the
same during its multiday differentiation
journey to the top of the epidermis. InDevelopmental Cell 3fact, the authors’ data begin to imply
some of these temporal dynamics for the
MAFs network (Figure 1B). Thus, the
ANCR repression of MAFs takes place in
the progenitor cells, where ANCR is ex-
pressed andMAFs are not, and somehow
this repression must overcome activation
by p63, which is also expressed in the
basal cell layer. Alternatively, DNp63, pre-
dominantly expressed in the basal layer,
cannot activate MAFs, whereas TAp63,
predominantly expressed in the supra-
basal compartment, can. It follows that
activation of MAFs in the suprabasal
compartment stems from the disappear-
ance of ANCR and the presence of TINCR
and p63 throughout this compartment.
MAF repression of progenitor genes is
likely to be most relevant for the spinous
layer, mediated in part through KLF4 and
ZNF750. In contrast,MAFactivationof ter-
minal differentiation genes is likely to be
most relevant for the granular layer, where
it is partially mediated by KLF4, GRHL3,
ZNF750, and PRDM1 (Figure 1B).
In addition to differential spatiotemporal
expression of transcription factors and
their co-factors, differentiation-related
changes in the epigenetic landscape can
influence the activity of transcriptional
networks. Chromatin modifications and
DNA methylation can create permissive
or restrictive regions of DNA that influence
the ability of transcription factors to bind
and/or regulate gene expression. In an
instructive example, in progenitor cells,
epidermal differentiation genes are
marked by repressive H3K27me3 due to
the activity of enzyme EZH2. This marking
prevents the transcription factor AP1 from
binding and activating these genes (Ezh-
kova et al., 2009). EZH2 levels decrease
upon stratification and differentiation,
allowing AP1 to bind and activate its tar-
gets (Ezhkova et al., 2009). Thus, different2, March 23, 2015 ª2015 Elsevier Inc. 661
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Figure 1. Transcriptional Network for Epidermal Differentiation
(A) A schematic of epidermal structure and expression patterns of selective key regulators. (B) Inferred
model of changing regulatory networks as epidermal cells progress through differentiation. FLG, Filaggrin;
KRT, keratin; LOR, Loricrin.
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Previewseffects of the same network of transcrip-
tion factors acting in cells primed with
different chromatin landscapes can result
in unique target gene expression at
distinct differentiation stages. Epigenetic
mechanisms also allow a transcription
factor to impose a memory of its activity,
thus enabling effects at later stages in dif-
ferentiation when the transcription factor
is no longer expressed. In this regard, it
is interesting that activation of the terminal662 Developmental Cell 32, March 23, 2015 ªdifferentiation genes may already be initi-
ated in the basal cell layer (Mascre´ et al.,
2012). In addition to Polycomb, there
is evidence for the role of other epigenetic
regulators in epidermal differentiation,
including histone demethylases JMJD3
(Sen et al., 2008) and KDM1A (Boxer
et al., 2014), histone deacetylases
HDAC1 and 2 (LeBoeuf et al., 2010), his-
tone methyltransferase Trithorax (Hopkin
et al., 2012), DNA methyltransferase2015 Elsevier Inc.DNMT1 (Sen et al., 2010), chromatin
remodeling enzyme BRG1 (Mardaryev
et al., 2014), and the genome organizer
SATB1 (Fessing et al., 2011).
The study by Lopez-Pajares et al.
(2015) provides a framework, but much
work lies ahead to define additional regu-
lators and to reveal the dynamic features
of these networks in the context of the
differentiating intact epidermis. Because
of its large size and accessibility, as well
as its well-defined and lengthy multiday
differentiation process, the epidermis
provides a highly suitable system to study
the dynamics of transcriptional networks
underlying the conversion of adult stem
cells to fully differentiated progeny.REFERENCES
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